T HERE IS GOOD EVIDENCE from studies in nonvascular smooth muscle that exchange of ions across the cell membrane is the molecular basis for excitability and contraction (I). Much confusion exists as to the role of ion exchange and tension development in vascular tissues.
Both sodium and potassium have been implicated as playing the fundamental role in the contractile process (2).
Recently, evidence has been accumulating that calcium may be intimately related to the development of tension and actual process of contraction in skeletal and cardiac muscle (3, 4) . It is quite possible that Ca may be the important cation involved in contraction in vascular tissues and, hence, play an important role in the regulation of blood pressure. This study was undertaken to determine the role of Ca, K, and Na in contraction in isolated rabbit aortic strips. Since Na is the main extracellular cation and is most often implicated as playing the fundamental role in controlling vascular tone, we have confined this initial study to determining the effects of epinephrine and changes in the ex'tracellular Na concentration (Na)o on Ca 45, K42, and Na24 exchange. aortas, dissected from rabbits weighing between I and 2 kg, were routinely used. The adventitial surfaces were thoroughly cleaned. Spiral strips measuring 4-6 mm in width and 30-40 mm in length were cut. The aortas were attached at both ends by doublepronged hooks and suspended in a muscle warmer containing Ringer's solution of the following composition : NaCl, 9.0 g; KCl, 0.400 g; CaCl2, 0.240 g; NaHCOa, 0.5 g; dextrose, 2.0 g; distilled water to I liter.
Aortas were also prepared as above and placed in 50 % glycerol and stored at o C for I week before using.
Five grams of tension were applied to the strips and isometric contractions were recorded by means of a sensitive strain gauge on a twin viso recorder (Cam- were estimated using the methods of Keynes and Lewis (5). Influx is given by the product of the initial rate of entry of isotope into the tissue and the sensitivity of the counter. The initial rate of entry is given by:
where Y is counts in the tissue after time t and k is the specific transfer coefficient obtained from the slopes of efflux curves. In normal solution, k was estimated from efflux cufies to be I .6g X I oe4 set-l.
Efflux was estimated from the relation:
Ki is the concentration of K in the tissue in moles per cubic centimeter and k is the specific transfer coefficient. The values are not corrected for delay resulting from diffusion. Absolute fluxes are not presented because the volume surface area ratio (V/A) has not been determined. Ca influx was determined by first washing the preparation in Ca45 solution for IO min. This was followed by incubating the aortas in Ca45 solution for 30 min, with 367 and without epinephrine (I .5 X IO-~ M), and 60 min in normal and low Na solution. After a ro-min washout period in nonradioactive solution, the initial rate of entry of Ca45 and Ca influx was determined, using the same methods as stated for K. Na24 net entry was determined by similar methods, except that the incubation period for isotope and drug was 40 min and the washout period in nonradioactive solution was 15 min.
RESULTS
In Table  I we present the effects of epinephrine (1.5 x Io-5 M) and the lowering of NaCl concentration to one-fifth of normal on the influx of Ca in normal and glycerol-extracted aortas, and also the effect of epinephrine on the net entry of Na24. Note that epinephrine increases Ca influx 105 % in normal aortas, but had no effect on Ca influx in glycerol-extracted preparations.
When the NaCl concentration is lowered the Ca influx increases 225 %. Epinephrine had no effect on the net entry of Na? Fig. I is a plot of the relative Ca45 efflux against time, with and without epinephrine. Note that there is no difference in the rate of efflux with epinephrine. The rate of Ca45 efflux in low Na solution is either not affected or slightly increased. Fig. 2 and Fig. 3 show the effects of epinephrine
on tension changes, and the relative K42 efflux, respectively, in normal Ringer's solution. In Table 2 we present a summary of the actual tension developed in grams and the estimated K fluxes in normal and modified Ringer's solution, with and without epinephrine.
In normal Ringer's solution, I ,467 g of tension developed with epinephrine, and K efflux and influx increased 486 and I 08 %, respectively, as compared with controls. The total changes in tension and K flux induced by lowering the NaCl concentration and adding epinephrine are not significantly different from the changes induced by epinephrine in normal solution. Thus, lowering the NaCl concentration resulted in 1.027 g of tension and a 226 % increase of K efflux. Epinephrine resulted in additional increases so that a total tension of I .513 g developed, and the total increase of K efflux was 400 % as compared with controls. Replacement of NaCl with NaSCN did not result in contraction, but did decrease the effect of epinephrine, so that only 0.549 g of tension developed
and K efflux and influx increased 45 and 32 %, respectively.
When NaCl was replaced with choline chloride, with or without atropine (IO-~ M), contraction occurred to a degree which was essentially the same as that which resulted from lowering the NaCl to one-fifth the normal concentration.
The effects of epinephrine on contraction in choline chloride solution were also reduced to the same degree as that seen in one-fifth NaCl solution.
In Ca-free Ringer's solution, K efflux and influx increased 2 15 and 30 %, respectively, and the preparations relaxed o. 158 g. If the aortas are washed thoroughly in Ca-free Ringer's solution, both the contrac-
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tions induced by epinephrine and one-fifth NaCl solution were markedly reduced or abolished. Fig. 4 shows that addition of epinephrine results in a slight increase in the rate of K42 efflux in glycerol-extracted preparations, even though no contraction occurs.
DISCUSSION
In the present paper we present evidence suggesting that Ca is the important cation involved in contraction in isolated rabbit aortic strips, and that Na and K are not directly involved in the actual contractile process. It is evident from studies with Ca45 that calcium is directly involved in contraction induced by epmephrine and a decreased (Na)o. In these experiments it was noted that contractions were accompanied by an increased Ca influx (Table I) and that, in Ca-free Ringer's solution, contractions were markedly reduced or abolished (Table   2 ).
There is also evidence in other nonvascular smooth muscle that Ca is associated with contractile response. For instance, Bozler has demonstrated in the smooth muscle of the frog stomach that spontaneous contractions will occur in ion-free isotonic sucrose solution only if CaCl2 is present (6) .
Since epinephrine had no effect on Ca influx in glycerol-extracted preparations (Table   I) and, since the Ca changes occur only in association with contraction, it is suggested that the effect of epinephrine on Ca influx is probably not a result of exchange in inert tissues of the preparations.
Ca movements can also be studied during thermal contraction in glycerol-extracted preparations.
It is well known that elastic tissues will contract if the temperature is elevated (7) . The glycerol-extracted aortic strips will also contract if the temperature of the solution is elevated, even though epinephrine will not induce contractions in these preparations.
A slight decrease in Ca45 net entry could be measured when the aortas were rapidly changed from I 7 to 37 C, even though appreciable tension developed (unpublished observations). This change may be related to a more rapid Ca45 outflow during the washout period at the higher temperature. This suggests that the Ca changes measured in normal preparations are not secondary to the isometric contractions, per se.
It is evident from the following considerations that Na is not essential or directly involved in contractile response. Under a variety of conditions
we were unable to demonstrate changes in Na transport using Na24 dur-REFERENCES ing the epinephrine- (Table I) or low Na-induced contractions.
The total changes in tension and the net differences in K flux, induced by lowering the NaCl concentration and adding epinephrine, were not significantly different from the changes induced by epinephrine in normal solution (Table   2 ).
This suggests that the effects of lowering the (Na)o on the response to epinephrine are related to the degree of contraction and not to the Na ion, per se. In Ca-free solution, little or no tension changes were observed after reducing the NaCl concentration or adding epinephrine (Table   2 ).
On the other hand, the fact that low Na increased Ca entry suggests that changes induced by varying the (Na)o act through a Na-Ca antagonism.
A similar antagonism has been demonstrated by Niedergerke in the isolated frog heart (8) .
It is also evident from Table 2 that K movements are not directly involved in the contractile response, since K efflux and influx are increased during both contraction induced by epinephrine and relaxation induced in Ca-free Ringer's solution.
In addition, epinephrine induced a slight increase in the rate of K42 efflux in glycerol-extracted aortas without contraction (Fig. 4) . Furthermore, it should be noted that, although epinephrine initially induces a marked increase in the rate of K42 efflux (Fig. 3) , this rate returns to control levels in 30-40 min even though contraction is maintained and no net change in (K>i can be measured.
It is possible that these K changes may be related to electrical events associated with, but not directly involved in, the process of contraction.
The fact that the epinephrine response is reduced when Cl is replaced with SCN could mean that Cl may be involved in the epinephrine-induced contraction. This apparently is not the case with the low (Na)o-induced contraction, since the degree of contraction induced by low (Na)o is not affected by varying the extracellular chloride concentration (Table   2 ). This also indicates that the Cl ion is not involved in the Na-Ca antagonism suggested above. The results of these data on isolated preparations are similar to those obtained in vivo by Haddy (9). This suggests that information obtained from isolated aortic strips is applicable to smaller arterioles. Since these studies indicate that Ca is directly involved in the regulation of vascular tone, it is possible that an abnormal Ca metabolism may be involved in the genesis of some forms of hypertension.
Studies to test this hypothesis are in progress at the present time.
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